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Thin mtallic films for nuclear and other investigations are 
frequently prepared by the evaporation in high vacuum of the desired 
material onto thin Formvar foils which in turn are supported by 
appropriate frames. This is easily accomplished with metals that 
are available as wire or sheet. For compounds or for metals, such 
as boron, which are available in powdered form, a convenient tech- 
nique consists of depositing the material in a depression formed in 
a narrowed down region of a pure carbon rod. The "boat" thus formed 
is heated by the passage of electric current, the heating being most 
intense in the region of reduced cross section which contains the 
mterial. 

This method is not satisfactory for certain brittle and refrac- 
tory metals, such as vanadium, manganese, and cobalt, which are most 
conveniently obtained in pure form as emill irregularly shaped gran- 
ules or pellets. When such mterials are heated in a carbon boat, 
they tend to be ejected with sufficient force to rupture the Formvar 
backings on which the material is to be deposited. While it is some- 
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times possible to bring the heated current up slowly enough so that 
the mterial melts, it then tenis to combine with the carbon rod in 
such a way as to remove the localized high resistance of the boat, 
with the result that the entire carbon rod and associated clamps heat 
up with the resultant destruction of the delicate Formvar backings. 
In the case of vanadium, these difficulties have been overcome 
by the use of a different technique which presumably would also be 
suitable for other similar materials. Two carbon rods, each about 2 
inches long and about a quarter inch in diameter, were suspended hori- 
sontally by tantalum spring clarps So as to pinch a vanadium pellet 
between them. The spring clamps were cut from tantalum sheet, and 
after being formed to grip the carbon rods, were crimped to a V-shape. 
The mounting was such as to exort longitudinal forces on the rod as 
Well as to tolerate torsion and expansion forces during the heating 
cycle. In the end of one rod, a small indentation was drilled to re- 
coive a vanadium pellet, and the other rod was sharpened for a point 
contact. It was found that the vanadium could then be fused to the 
female rod by an electric current, after which the top of the rod was 
ground away to afford better isotropic evaporation. The male rod was 
then ground to nearly a filament point which was held against the 
vanadium by the tantalum spring clamp. The electrical resistance was 
found to stay essentially constant during the heating cycle, and tar- 
gets of varying thicknesses could be formed by varying the duration 


of the cycle. 
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Targets having effective thicknesses of from 5 to 50 kilovolts 
for 6-Mev deuterons have been prepared in this way and have been 
found to withstand without apparent deterioration several thousand 
microcoulombs of bombardment with beam currents as high as 0.3 micro- 


ampere . 
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PREFACE 


This paper presents the results of isentropic analysis in 
depicting oceanic flow patterrs in a region of known upwelling. 

Undertaken as a requirement for the degree of Master of Science 
in Aerology, this investigation was conducted at the U. S. Naval 
Postgraduate School, Monterey, California during the period from 
August 1952 to January 1953. 

Grateful acknowledgment is made for the advice and assistance 
rendered by Assistant Professor Jacob D. Wickham in the preparation 


of this paper. 
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I. INTRODUCTION 


The phenomenon of upwelling, present wherever surface divergence 
exists, is of special interest in coastal regions. It is of profound 
commercial importance locally, as it pertains to the life cycle of the 
California sardine. Indeed the commercial importance of the sardine 
led to the organization of California Cooperative Sardine Research 
Program to investigate the virtual disappearance of the species from 
commercially accessible fishing grounds. The oceanographic observations 
collected in the routine operations of this program form the data basis 
for this paper. Aside fron the commercial aspects of the upwelling 
process, it is of importance to naval operations in ocean areas. 
Successful submarine detection depends, to a large degree, upon the 
vertical temperature distribution in the sea which is profoundly 
effected by the process of upwelling. 

A qualitative explanation of the process based upon Elkman's theory 
of wind driven currents was first suggested by Thorade Lo] in 1909 and 
later developed by iicEwen [1] in 1912. Ekman?s theory, in part, states 
that the mass transport caused by wind stress upon the sea surface is 
directed at right angles cum sole to the wind direction. The wind acts 
to the depth of effective frictional resistance. Ekman [s, p 494] 
derived the empirical relation D* 76 =. for this depth. It can 

SnO 
be seen from this equation that the depth to which the influence of the 
wind is felt depends upon latitude ard wind speed. The mass transport 


as given by T= Ta (8, p 498) is a function of latitude and Ta. 
e 


(1) 





a in turn is @ fungti of V^ as can be seen by the expression for 
stress da 7 2.6 we ew? re, p 490] where V is the wind at l5 neters 
above the surface. 

Consider a coast in the northern hemisphere with a wind blowing 
parallel to the coast such that the coast lies to the left of the 
wind. The mass transport of the wind driven current will be confined 
to the levels above D and will be directed away fron the coast, thus 
the surface waters will be transported off shore at a rate proportional 
to the square of the wind speed. The continuity of the system requires 
that sub-surface waters rise to replace this mass deficiency. During 
the spring and summer months the semi-permanent Pacific anticyclone is 
established providing fairly steady winds roughly parallel to the 
central and southern California coasts, and it is during this period 
that upwelling becomes a conspicious feature. 

The phenomenon has been widely examined since the qualitative 
explanation was developed. Special aspects of the problem have re- 
ceived attention with emphasis upor the velocity of the vertical 
motion] 2] and the depth from which water is brought to the surface [7] ê 
A more detailed investigation of the pnenonenon was undertaken by 
Sverdrup [ 6] in 1938 using a single station line at right angles to the 
California coast off Port San Luis. From three series of observations 
taken in March, Kay and July of 1937 along this station line, Sverdrup 
was able to develop a vertical section depicting the circulation 
perpendicular to the coast. The measured vertical motion of sub- 


stantial surfaces coupled with the principals of the equation of 


(2) 





of continuity to obtain horizontal components of motion was the 
analysis tool. This investigation, however, was based upon limited 
data and assured uniform velocity parallel to the coast. "ewen [ 3) 
nas investigated the horizontal circulation associated with large 
scale horizontal eddys forming in conjunction with the upwelling 
process using the dynamic concept of the conservation of angular 
momentum. However, no investigation of the regions of upwelling 
have, to the author's knowledge, been made upon the basis of 
isentropic analysis. 

The validity of flow patterns inferred from isentropic analysis 
has been discussed by Parr L5] and Montgomery [4] „ A general review 
of the concepts of isentropic analysis seems appropriate before pro- 
ceeding further. As is well known, surfaces in the atwosphere defined 
dy constant potential temperature are surfaces along which adiabatic 
interchange of air masses, assuming air to be a perfect gas, result in 
no change in the distribution of mass. These surfaces are then isen- 
tropic surfaces. The question arises, are there surfaces in the sea 
which are isentropic. 

Montgomery L^) states that 

there exists no patent mechanism for altering the potential 

density of any water particle below the layer of direct surface 

influence. Therefore no flow of major proportions can take 

place across surfaces of constant potential density. 
Actually, as derionstrated by Sverdrup L8, p 417) , there exist no 
true isentropic surfaces in the sea; however, potential density 
surfaces are quasi-isentropic, irplying tbat along these surfaces 


interchange of water masses result in only small changes in the mass 


(3) 


distribution. It is possible to determine potential density surfaces 
in the sea. However, the normal density parameter observed in ocear- 
ographic work is &  , where O} is defined as(e,- Ù 1000 . © is 
the density at temperatures and salinities in situ but at atmospheric 
pressure. The difference between Se and €, , the potential density, 
is negligible above 1000 meters. This is demonstrated by Montgomery (4] Ê 
who shows that the adiabatic temperature changes involved in bringing a 
Water particle from depths less than 1000 neters to the surface are small. 
Thus it is permissible to use Gi surfaces as quasi-isentropic surfaces 
in water of depths less than 1000 meters. 

As in atmospheric isentropic analysis, the distribution of a con- 
servative property on the surface is employed in making inferences as 
to the flow pattern. Moisture concentrations,as shown by specific humidity, 
are used as the conservative property in the aticospheres in the ocean 
salinity is the conservative property used. If a maximum of the con- 
servative property is found on the isentropic surface, it will, urder 
the influence of a current on the surface, move with the current. As it 
moves, isentropic mixing along tie surface will tend to reduce the in- 
tensity of the maximum in the direction of the current. If, at the sane 
time, high concentrations are maintained at the original point of the 
maximum by sone other process, then a tongue of raximun, but decreasing, 
concentration indicates a current along the tongue axis with flow 
toward low concentrations. Although there are no true isertropic sur- 


faces in the oceans, lateral mixing along QO, surfaces is quasi-isentropic. 


(4) 





Waters of differing salinities mixing along these surfaces will 
retain, approximately, their original densities; i.e., the products 
of mixing will remain upon the surface. | 

Consider a concentration of hign salinity water upon a Ot 
surface, with a source of high salinity water to raintain the maximum, 
If a current on the surface moves through the arca of maxim salinity, 
a tongue of high salinity will extend in the direction of current flow 
in a manner similar to the situation shown in atmospheric isentropic 
analysis. Thus flow patterns can be inferred from the distribution of 
high or low salinity tongues on Q, surfaces. This is, of course, a 
generalization of Wust's Kernschicht method of tracing absolute 
Salinity maxirums in the vertical, as shown by :ontgomery 4] . 

it iS apparent from this discussion that isentropic analysis as 
applied to the oceans is primarily qualitative rather than quarii tative. 
iue descriptive nature of such analysis is, of course, an end in itself 
and càn provide valuable inforration without the knowledge of actual 
current velocities. Possible quantitative results will be discussed 
in a later chapter. 

The use of salinity as a conservative property may be questioned 
on the grounds that density is not independent of salinity; however, 
density does not depend entirely upon salinity. If there existed a 
unique relationship between density and salinity then salinity sur- 
faces and dersity surfaces in the ocean would be parallel. llowever, 
these surfaces do intersect, so it would seem that the distribution of 
salinity upon a Gh surface is brought about by the flow patterns and 


the rising which exist. 


(5) 








II. DATA USED Tu INVeSTIGATION 


ihe data used in this investigation were provided by the operations 
of the California Cooperative Sardine Research Program. The raw data 
has been processed and published by Scripps Institute of Oceanography. 
The area investigated is shown in Plate I which includes the positions 
and number designators of the oceanographic station used. ‘These stations, 
in the course of the program, were occupied monthly by vessels of the 
Research Program and observations of the following parameters were made: 

(1) T 

(2) S 

(3) ©, 

(4) PO,-P 
the values of these were interpolated graphically to standard depths, and, 
from (1) and (2), values of the following parameters were determined for 


standard depths: 


(5) Tx 
(6) 10°S 


(7) SD 


The parameters used in this investigation were: 
m); 5 
(2) 5 


It was necessary to assume that the data were synoptic in nature. 


Actually the time interval involved in completing the observations for 


the area under investigation varied from a minimuy of 5 days in Varch, 


(6) 


wnen not all stations were occupied, to a maximum of thirteen days 

in lay. Since conditions in the oceans change slowly, this asswiption 
does not invalidate the resulting general fcatures of the flow; but it 
does make any interpretation of the minor features doubtful. 

Tt is also necessary to assume that station positions were fixed 
from month to month. Tnis assumption is not quite fulfilled, but the 
error is small since the maximum deviation from one month to the next 
Was two nautical miles. The error involved in this assumption is 
probably negligible compared to errors in the assumption of synopticity. 

All parameters were assumed to vary linearly between standard depths. 
This asswaption reduced the labor and time of interpolation considerably. 
Since the data as received Was interpolated to standard depths, it was 
felt that little accuracy could be gained by vertical plots of the para- 
meters in an attempt to reproduce the original sounding. In view of the 
above, and because the results are intended to be qualitative, the time 
Saving computational method of interpolation was felt to be justified. 

The file of analyzed weather charts of North America and Pacific 
ocean areas maintained by the Naval Postgraduate School, Monterey, 
California, were utilized to determine wind components parallel to the 
coast during the period investigated. The calculated values of tne 
wind component are qualitative in nature. Tanis is true because the 
area concerned represents a small segment of the analyzed weather chart 
and, in many cases, isobaric spacing could be adjusted througn wide 
ranges, while still satisfying the surface reports. In all cases 
possible, results of geostrophic measurements were checked against 


observed winds to reduce errors. 


(7) 


III. METHOD OF AMALISIS 


As a first step, the coriponent parallel to the coast of the 
average wind over the arca was computed in this matter. The average 
geostrophic wind over the area was measured directly from the daily 
1230 COT analyzed chart for the period fron 1 February to 31 July. 
The winds were assumed to deviate ten evens from the isobars, and 
corrections for isobaric curvature and air mass stability were made 
in accordance with the procedure outlined in ii. O. 604 | 10, pp 16-17] E 
An average stability factor of .60 was selected for the entire period. 
This represents a sca temperature minus air temperature difference of 
from one to seven degrees. The components of these winds parallel to 
the coast were computed and five day means of these values were plotted. 
me results are shown in Plate II. The hatched aréas in the figure 
represent the time interval involved in the cruises during each ronth. 
Since the stress exerted by the wind upon the sea surface is a function 
of the square of the wind speed, it would seem appropriate to graph these 
values rather than the actual wind speeds, but in this investigation only 
the qualitative aspects of the wind in producing upwelling is necessary. 

Inspection of the diagran shows considerable variability in the 
coastal components, but several features are immediately apparent. The 
winds conducive to upwelling begin early in february and continue through- 
out the period. The period between Nay and June show the weakest and 
most erratic values, while the eighteen day periods prior to the l.ay and 


July oceanographic observations show relatively steady components of 


moderate velocities following periods of maximum velocities. From this 
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As discussed in Chapter Ll, salinity cistributions of Gx surfaces 
are assured to indicate flow patterrs. In accordance with tiis, arrows 
depicting the general flow pattern have been constructed on the basic 
charts (Plates III-XVII). Inspection of the charts shows two prorine:t 
features. ‘first, a large cyclonic eddy is evident on all charts except 
the Gy = 27.25 surface for July, where the pattern breaks dorm at these 
sreat depths. “his eddy!s presence is inferrec from the tongue of low 
salinity which extends toward the coast in the southern portion of the 
area and then curves northward inshore. Second, the isolated maxizums 
of salinity occur on domes in theQy surfaces, while conversely isolated 
minimums occur on depressions in tre surfaces. ¿he first feature is not 
surprising since the shoreward extension of low salirity water and the 
existence of the large cyclonic eddy have been demonstrated by othe 
methods in previous investigations of the same general area CH p 27] : 
This feature then, as depicted by isentropic analysis, substantiates 
other findings. Tne second feature is of more interest to the author. 
Under the assumption that O, surfaces are substantial surfaces it 
follows that, if vertical motion occurs within a region, the surfaces 
must move with tne water. It will be recalled that, on the basis of 
the longshore wind component calculations (see Plate II), March was the 
month during which upwelling should first occur. Figure 1 demonstrates 
the effect of the upwelling upon theQ, surfaces during the irterval 
between February and March. The vertical section shown in ligure l is 
Upward motion is indicated inshore of station £0-70 


for station line 80. 


(10) 
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to depths of at least 500 meters, wnile downward motion is shown 

west of station 80-70 to depths below 200 rieters. this downward motion 
is to be expected west of the area of strongest lonsshore wind components 
Since the decreasing wind stress would produce decreasing offsnore trans- 
port and surface convergence would occur, zecessitating rotior downward. 
Phe decreasing wind velocity and, thus, wind stress is to be expected 
since the pressure gradient in the high pressure cell givirg rise to the 
winds decreases toward the center of the high. 

Ine average upward displacement of the Qe surfaces in the inshore 
area is approximately 40 weters, and a simple calculation gives the 
average vertical velocity, based upon tie Gjf surface displacexents, as 
1.5 x 1073 cm/sec. If the surface divergence responsible for this 
upwelling continues, motion must take place through the Qe surfaces 
because these surfaces seen to becone stationary near, but below, tne 
sea surface. This means that, in the region of continuing surface 
divergence, the compensating inflow from below cannot be isentropic, 
since, by definition, any component of motion which crosses the Gi 
surfaces is non-isentropic. If the corponent of the wind parallel to 
tie coast car be used as an indicator of surface divergence, then 
surface divergence was a contiruous phenomenon throughout the period 
under investigation. Inspection of tue data for tnis period shows tact 
Salinity increases with depth at any given station except for rinor 
variations. This means that no major salinity Maximus or ninimwns 
exist in the vertical. "his observation offers.à clue to the origix 


of the salinity saximu:s and minimums appearing on the Ge surfaces, 


(12 


NA 





namely, that water characterized by high salinity on a given Qt 
surface comes from depths below the level of that surface. vonversely, 
low salinity water on a given surface comes fror depthns above the level 
of that surface. If tbe above reasoning is valid, then salinity ex- 
tremes on a given Gi surface indicate vertical rixing, which is non- 
isentropic, or some other ron-isentropic process. 

Nontgonery | 4] has discussed a non-isentropic process to allow for 
the upwelling necessary to compersate for surface divergence. This 
process he calls mixing upward and concludes that it is due to vertical 
turbulence occurring at the boundary of the homogenous layer. ile further 
concludes that this vertical mixing cannot extend deeper than the lower 
boundary of the layer of surface influence (see Chapter I). Assuring 
that mixing upward will compensate for the surface divergence, it becomes 
necessary to explain the formation of the salinity maximum on the elevated 
Gr surfaces near the lower boundary of the layer at surface influence. 

An example of this situation is shown on Plate XIII where theGe= 26.00 
surface lies between 50 and 75 meters in the region southwest of the 
Channel Islands with the associated salinity maxirum on the Gx surface. 

A vertical temperature sounding for Station 83-60 which lies in the region 
of the elevated Gx surface, is shown in Figure 2 with the depth of the 
St 
Se 


26.00 surface indicated on the sounding. The figure shows that the 


26.00 surface lies at the lower boundary of the layer of surface 
influerce. Consider a point on this boundary; if water from below is to 
penetrate to levels above this boundary, then the density of this pene- 


trating water must be altered by some nor-isentropic process. If this 


(13) 
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of magnitude as the vertical velocities of upward notior deduced fro 
the vertical displacement of the Gr surfaces early in the upwelling 
period. 

The salinity maximuns evident upon the Qe = 26.00 surfaces, when 
they are close to the sea surface in other months, can be explained by 
the same reasoning, if this reasoning is valid. 

The existence of salinity minimums on the deeper Qe surfaces and 
the existence of both maximums and minimums at intermediate depths, 
which are particularly evident on theQy = 26.75 andQy, = 27.00 
surfaces for July (see Plates XV and XVI), are probably due to vertical 
mixing, but the cause of such mixing is not readily apparent. Internal 
waves, characterized by large velocity shear across interfaces, area 
possible general explanation of pronounced vertical nixing at depths 
where Salinity maximuns and minimums appear. Another factor to be 
considered is the effect of bottom friction in producing turbulent 
vertical mixing. However, it is beyond the scope of this investigation 
to assess the influence of these factors upon the observed salinity 
distributions. 

As discussed in Chapter I, the concept of upwelling associated 
with wind driven currents requires a transport of water perpendicular 
to the wind direction, In the area under investigation, this transport 
is, of course, directed offshore. Evidence of this offshore transport 
is inferred from the salinity distribution on the Gx = 26.00 surface 
for May (Plate IX) and the Sù = 26.00 surface for July (Plate XIII). 


The pronounced nigh salinity tongue extending offshore from the salinity 
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maximuns in the regior south of the Channel Islands is, in each case, 
considered to give evidence of this offshore transport, As discussed 

in Chapter III, the results of the longshore wind component computations 
indicated that Kay and July should be the months of maximum upwelling, 
and the observed salinity distribution on the upper Gt surface indicates 
that the offshore transport was most pronounced during these months. 

Longshore trarsport of the more salire upwelled water is inferred 
from the southward extension of high salinity tongues on the (Yr = 26.00, 
26.50, 26.75 and 27.00 surfaces for July (Plates XIII-XVI). This result 
is in qualitative agreenent with previous investigations of the area 
Nl P 27| which indicate that the more saline waters are carried south 
from the region of upwelling by the eastern edge of the California 
current. 

The results of this investigation have verified, in the author's 
opinion, results previously obtained by different methods; and, as such, 
have proved of some value. lore investigation of tne processes giving 
rise to the observed salinity maximums and minivwns on Gt surfaces is 
necessary before these distributions can be said to be of significance 
in picturing the centers of upweiling or subsidence, The qualitative 
nature of isentropic analysis can be overcome to some extent by con- 
siderations of diffusion and advection as effecting the distributions 
of some conservative property, e.g., salirity. Such calculations were 


beyond the scope of this investigation. 
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PLATE IV 


Salinity distribution 

on Ge = 26.50 surface 

February 1950 

~ ~ ~ 25 meter isobaths 

. Salinity in 0/00 
(whole numbers 33 and 34 
omitted from isohaline 
Labels) 
“rma Inferred flow pattern 


NS 


Zu 





FLATE VI 


A Salinity distribution 

on Qe = 26.50 surface 

March 1950 

N - - - 25 meter isobaths 

Salinity in 0/00 
(whole numbers 33 and 34 
omitted from isohaline 
labels) 
zug Inferred flow pattern 
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PLATE VII 


Salinity distribution 
on St = 26.00 surface 
5 April 1950 
9 ~ ~ ~ 25 meter isobaths 
Salinity in 0/00 
(whole numbers 33 and 34 
onitted from isohaline 
labels) 
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PLATE VIII 


Salinity distribution 
on St = 26.50 surface 
April 1950 
~ = = - 25 meter isobaths 
Salinity in 0/00 
(vholo nurbers 33 and 
oritted fror ischaline 
labels) 
excep Inferred flow pattern 
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PLATE X 


Salinity distribution 
on Nt = 26.50 surface 
May 1950 
- - - 25 meter isobaths 
Salinity in 0/00 
(whole numbers 33 anc 
omitted from isohali: 
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PLATE XII 


Salinity distribution 
on St = 26.50 surface 
June 1950 
~ — - 25 meter isobaths 
| Salinity in 0/00 
(whole numbers 33 and 34 
x omitted from isohaline 
labels) 
aes Inferred flow pattern 
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PLATE XIV 


Salinity distribution 
on St = 26.50 surface 
July 1950 
- - - 25 meter isobaths 
Y Salinity in 0/00 
(whole nımbers 33 and 34 
omitted from isonaline 
labels) 
Tb Inferred flow pattern 











PLATE XV 


Salinity distribution 
on St = 26.75 surface 
July 1950 
~ ~ ~ 25 meter isobaths 
Salinity in 0/00 
(whole numbers 33 and 34 
| omitted from isonaline 
| labels) 
i wma” Inferred flow pattern 
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PLATE XVI 


Salinity distribution 

on Tr x 27.00 surface 

July 1950 

À - - - 25 meter isobaths 
Salinity in 0/00 
(whole nusbers 33 and 
omitted from isohaline 
labels) 
ctum; Inferred flow pattern 





PLATE XVII 


Salinity distributio: 

on Ç'e+ 27.25 surface 

July 1950 
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